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10. 

THROMBIN DERIVED POLYPEPTIDES; 
COMPOSITIONS AND METHODS FOR USE 



The present invention is directed to chemical 
compounds and methods useful in the regulation of thrombin 
receptor mediated cell stimulation. More specifically, 
the invention is directed to prothrpmb in-derived peptides' 
20 and methods which employ such peptides for promoting wound 
healing and inhibiting scar formation, tissue adhesions, 
blood coagulation, tumor angiogenesis , tumor -me ta stasis 
and pulmonary edema. 

25 Human alpha-thrombin appears to have growth-promoting 

activity for a wide variety of cells from various tissues. 
For example, alpha-thrombin has been shown to initiate 
proliferation of fibroblastic cells in culture- without 
addition of serum or other purified growth factors, to 

30 synergize with- epidermal growth factor in certain hamster 
fibroblasts and human endothelial cells, and to initiate 
cell division or DNA synthesis in mammalian lens 
epithelial and spleen cells. Yet, the use of thrombin as 
a growth factor and its potential importance to wound 

35 healing has not been widely acclaimed. In part, this may 
be due to the complexity of thrombin's involvement with 
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coagulation,, platelet activation.* and initiation of cell 
proliferation as well as to the complex regulation of 
• thrombin and thrombin- like molecules by serum protease 
inhibitors* and by cell-released protease nexins • This 
5 complexity and high degree of physiologic regulation, 
however r supports the potential importance of this 
initiation pathway in wound healing. 

" Thrombin: maiy also play a role in metastasis and ' 
1Q angiogenesis of tumors. Generally,, for a tumor to grow 
larger 'than a few millimeters in diameter * vascular 
endothelium must proliferate and" form vesicle walls to 
provide circulation and nutrients to the cells inside- of 
the tumor mass*. Thrombin likely, potentiates this process 
15 .by" virtue of its- ability to induce proliferation- of 

endothelial ceils., In addition, y^omfein. has^'beeil sh^wxt; 
'to disrupt:- the' normal intercellular endothelial cell 
contacts important in preventing cells -and plasma factors: 

• from escaping or entering the- microvasculature* The 

20 present hypothesis that thrombin may. increase metastasis . 
by .disrupting th£se " Contacts: is supported by studied 
. demonstrating a,- correlation between decreased levels of 
anti-throrribin ? iri (which removes thrombin and other 
proteases from plasma ) and increased" tumor metastasis. 

25 * 

Various studies have .led the present inventors to 
GoAol.ude t that higi^a^inifcy oe.1,1 suj^cte. thrombi,! it. 
■r'eeep w tprs? . CSeref' Ca'Ermy and Cunninghainr r - gear tSgfciffl;, 19 ; 7fr) 

• may be involved in tumor metastasis and angiqge .nesis • For 
30 example, studies have indicated, that . thrombin receptors- 

can. serve as* binding sites for. tissue plasminogen 
.activator> a molecule secreted from metastatic tumor 
cells. Moreover, other studies demonstrate 'the involve-, 
ment of tissue plasminogen activator in- metastasis and 
35 angiogenesis. Thus, many of the effects of plasminogen' * 
activator may be mediated through its interaction with the 
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cell surface thrombin receptor. It is therefore proposed 
that stimulation of the thrombin receptor serves to 
promote tumor metastases, while inhibition of the receptor 
will decrease metastatic activity. 

5 

Thrombin has also been shown to cause changes in the 
structure and function of cells which make up the 
endothelial vasculature. These studies suggest that 
thrombin may play a central role in the development of 
10. pulmonary edema as well as edema of other tissues. For 

example, thrombin has been shown to increase permeability 
of endothelial cell monolayers to macromolecules , to 
increase arterial pressure and pulmonary vascular 
resistance, to induce smooth muscle contraction, and to 
15 increase transcapillary fluid filtration. All of. these 
effects may be mediated by thrombin's interaction with 
cell surface thrombin receptors. 

0 

A number of recent studies have 'attempted/ to 
20 elucidate- the mechanisms for thrombin-mediated cell 

stimulation. These studies have indicated to tiie. present 
inventors that initiation of cell proliferation by 
thrombin requires two- signals. The first signal appears 
td be dependent upon binding of the thrombin molecule to 
25 the high affinity cell surface thrombin receptor, while 

the second signal results from the enzymic activity, of the 
thrombin molecule. Thus r unlike alpha-thrombin r - neither 
DrP-alpha-thrombin '(a proteolytically inactive thrombin 
derivative that retains receptor-rbinding activity) nor 
30 gamma -thrombin (an esterolytisally active f but non-binding 
thrombin derivative) can initiate DNA synthesis or cell 
division. However, simultaneous addition of these two 
non-mitogenic thrombin derivatives initiates a level of 
DNA synthesis and cell division comparable to that 
35 initiated by alpha-thrombin . 
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• These same thrombin derivatives have been used to 
distinguish intracellular events stimulated^ by high- 
affinity thrombin* receptor * occupancy from those 'resulting 
front proteolytic cleavage,. Alpha— thrombin and gamma - 
5 thrombin: both stimulate Na"^/K + ATPase activity r pho'spho- 
inositol turnover , and Ga metabolism, whereas. DIP- 
alpha-thrombin does .not* Thus, these events are 
attributable to thrombin's ehzymic activity r not to 
receptor occupancy. Furthermore, these signals (.the 
10 release-, of .diacylgiycero.1 .and "inositol triphosphate to^ 
cause- Ca + mobilization) . may Lit turn activate protein-., 
kinase C. Accordingly r . it "has been:-, shown: that phorboL 
myristate acetate (PMA). r which activates protein kinase-' C, 
can substitute for einzymically -active gamma- thrombin and 
15 initiate cell division in the" presence of receptor 

saturating levels of DXE-alpha- thrombin or- monoclonal 
antibody to. the thrombin receptor. Thus, the requirements 
fgr enzymically. active thrombin may indirectly relate to 
its activation o£ protein kinase C. * * 
20 - 

The precise signals generated by high-affinity 
interaction of thrombin with its receptor have been more 
difficult to define.. . However., '-it has recently been shown 
that DlP^alpha- thrombin stimulates a transient increase* in 
25. intracellular cAtfB. la. contrast to ion fluxes and 
phosphoiaositide turnover , cAME levels are maximally 
*. stimulated by Dip-alpha- thrombin but are not- stimulated- by.- 
gamma- thrombin*. • Attempts, to replace DI^-aipha--tiixombin 
witlr oaMP analogs, however/ have been unsuccessful. 
Therefore, - it is possible that thrombin receptor occupancy 
produces a number of signals in addition to changes in 
cAMP levels. 

•One problem associated with the clinical application 
35 of - thrombin directly to achieve such benefits, is- its 
stisceptability to protease inhibitors by serum anti- ■ 
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thrombins. Such problems- have heretofore prevented the 
use of thrombin in the clinic and has led the present 
inventors to identify smaller thrombin-active and thrombin 
antagonistic polypeptides which are not sensitive to the 
5 inhibitory effects of thrombin inhibitors. 

The present invention provides for a number of 
smaller polypeptides which have been tailored to interact 
with the thrombin receptor to selectively stimulate or 
10 inhibit thrombin receptor occupancy related signals. It 
is believed that these polypeptides will prove to be 
useful in a wide variety of clinical settings where 
successful recovery may be influenced by thrombin 
receptor-mediated events. 
15 • ' 

The present invention provides a number of thrombin 
derivatives and methods useful for stimulating cell 
proliferation and promoting wound healing as .well as 
methods useful in inhibiting wound healing', scar tissue 
20 formation, formation of tissue adhesions, and tumor 

metastasis and angiogenesis . The invention is based on 
the discovery that one may formulate polypeptide thrombin 
derivatives, or their physiologically functional 
equivalents, /which selectively inhibit the interaction of 
25. thrombin with its high-affinity receptor or which mimic 
the stimulatory effects of thrombin. 

Accordingly, the present invention, in its most 
general and overall scope, relates to synthetic or 

30 naturally derived polypeptide agonists and antagonists of 
thrombin receptor mediated events. Both of these classes 
of agents possess a thrombin receptor binding domain which 
includes a segment of the polypeptide that is capable of 
selectively binding to the high-affinity thrombin 

35 receptor. This segment of the polypeptide includes a 
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sequence of amino- acids homologous to a tripeptide cell 
binding domain of fibronectin. 

In addition to.. the thrombin receptor binding domain,, 
5 the stimulatory (agonistic) polypeptides possess a 

sequence of amino acids having sequences derived from the ■ 
Nr«terminal amino, acids of a dodecapeptide previously shown 
'to be highly conserved among serine proteases. However f ~ y 
the inhibitory, polypeptides do not include these serine " 
10- es te>ras e-cbaserved sequences- 

The present invention is- disclosed in terms of a • 
showing that in the presence of .a non-mi togenic (ie> non- 
stimulatory ) concentration pf' alpha- thrombin r gamma- 
15 thrombin r or PMA, the interaction between stimulatory 

polypeptides and. cell surface thrombin receptors^ provides 
the cell with .a signal to proliferate... However r * -no • 
proliferative- signal, results "when cell surface -thrombin 
receptors interact with the ' inhibitory polypeptides.. 
2.0 Xnstead, the cells become ■ more - refractory to- subsequent 
treatment with the stimulatory polypeptides.: This' result 
is believed to occur because the inhibitory polypeptides,, 
which are themselves incapable of generating a prolifer- 
ative signal, block: binding of the stimulatory polypep— 
25 . tt*4f^.'V ' '-■ ' 

As indicated above:., practice, of the celi-stiimuiatory 
methods off the prese'nt." invention* retires! 'tii& pr^ehce* of 
a secondary signal , £qx example^ in the form of npiir 
30 mitogenic concentrations of alpha- thrombin, gamma- ■ 
- thrombin r or PMA. in order to supply the cells- with the 
low-affinity proteolytic cleavage' signal. Accordingly, 
the invention provides for pharmaceutical 'compos i felons and 
methods to which. these compounds have been added: • 
35- However t those of skill in the art will recognize that 
♦ when the invention is practiced* in vivo ,' native alpha- 
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thrombin endogenous to the host will typically be adequate 
to provide this secondary signal. 

Because thrombin is involved in a number of 
5 bioregulatory effects, the present invention, which allows 
one to selectively promote and inhibit these effects, has 
a number of clinical applications. For example, the 
invention provides a number of polypeptides useful in 
promoting wound healing. For such applications, the 
10 invention provides a polypeptide derivative of thrombin 
(or a functional equivalent of such a -derivative) which 
has a thrombin receptor binding domain as well as a domain 
with a serine esterase, conserved sequence of at least 12 
amino acids.- The- invention also provides a polypeptide 
15 compound of at least 23 L-amino acids which has both a 
thrombin receptor binding domain and a domain with a 
serine esterase conserved : amino acid • sequence . •-- 

In one embodiment, • the invention provides for several 
20 polypeptides, containing specific amino acid sequences., 
such as a polypeptide- compound in which the thrombin 
receptor binding domain includes the L-amino acid sequence 
Arg-Gly-rAsp^Ala together with the serine esterase 
conserved amino acid sequence, Asp-Ala-Cys-Glu-Gly-Asp- 
25 Ser-Gly-Gly-Fro-Phe-Val. In a preferred embodiment/ the 
polypeptide compound includes the L-aminb acid sequence - 
Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys- 
Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val ♦. 

30 The invention also provides for a pharmaceutical 

composition for promoting wound healing which includes of 
a therapeutically effective concentration of any of the 
compounds described above combined with a pharmaceutically 
acceptable excipient. Typically, such compositions 

35 include, for example, sufficient concentrations of the 
polypeptides to effect a stimulatory action on the 
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thrombin- receptor as demonstrated herein. Thus , such 
compositions should typically include sufficient 
•concentrations, to obtain levels of the polypeptides in the 
wound area which are shown, irt vitro to stimulate the 
5 receptor. .When endogenous' levels, of a secondary signal 
are believed to be inadequate, compositions may 'be 
employed which further include the addition of a 
therapeutically effective concentration of alpha-thro'mbin 
or gaxnma,-thrdmbin:* ■ . 
10' * 

As. used herein,- a therapeutically effective 
concentration is defined as. a concentration of the 
particular agant which- provides a ■'satete£ r afctpry increase in 
the rate of wound, healing.. . Again , such concentrations are 
15 believed to correspond tor levels /sufficient to illicit a 
stimulation o£ the thrombin receptor* in vifecov However^ 
it' is: believed that the compositions will pr6ve. most 
effective when the stimulatory (agonistic) polypeptides 
. are present at a concentration of from. 0.1 uM to- 10' uM, 

20 

Furthermore,, wfterie ' alpha- thrombin- or gamma— thrombin 
are. also employed concentrations: of from 0-.1 uM to* 10/ uM 
are" considered effective., however, empirical methods' as 
are known in the art may be employed for determining more 
25 ' precisely the proper therapeutic dose for a given 
composition administered in a particular- manner . 

Ixff addition, 'ms£h'6"dV are-' provided- whidh ' employ 
thrombin agonists., to- promote wound- healing. One. such 

30- method, includes . applying: to- ■ the . wound a therapfcu tically 
effective amount of a polypeptide- derivative o'f thrombin, 
or a physiologically functional equivalent . thereof , which 
has' both a " thrombin* r.eceptor-binding .domain and a" domain 
having- a serine esterase conserved' amino acid sequence. 

35 In general r - thrombin is applied in amount suffi orient to 
achieve fibroblast ' stimulation and thereby stimulate 
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tissue regeneration. In that such methods typically 

involve topical application to a wound, possible sytstemic 

toxicity is not believed to be a problem. Therefore, 

virtually any concentration may be employed. However, in 

5 a preferred embodiment, the wound is treated to achieve a 

2 2 

range of approximately 1 ng/cm - 10 ug/cm ' of wound 
surface. 

The invention farther provides a method for promoting 

10 wound healing in which a therapeutically effective amount 

2 2 

of alpha-thrombin (1 ng/cm - 10 ug/cm of wound surface) 

2 2 

or gamma- thrombin (1 ng/cm ' - 10 ug/cm of wound surface) 
is applied to the wound in conjunction with the foregoing 
thrombin derivatives. Of course, the specific polypep- 

15 tides and pharmaceutical compositions provided by the 

invention may also be. used in promoting wound healing. It 
is believed that these, methods will be especially 
beneficial- to patients involved in severe, accidents 
(particularly burn patients), to those subjected to 

20 surgical procedures and to those with poor wound healing 
responses, such as aged and diabetic individuals*. 

Additional methods are provided for .using the 
thrombin receptor inhibitory polypeptides. Tor example, 

25 the invention provides methods whereby scar tissue 

formation can be inhibited by administering to the wound 
or scar tissue, a therapeutically effective amount of a. 
polypeptide derivative of thrombin, or a physiologically* 
functional, equivalent thereof, which. ha.s a thrombin 

30 receptor binding domain but does not have a serine 

esterase conserved sequence. Typically, such concentra- 
tions are adequate when sufficient to inhibit thrombin 

receptor mediated events. In a preferred embodiment, 

2 2 

amounts ranging from 1. ng/cm - 10 ug/cm of wound surface 
35 are considered appropriate. 
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In. a preferred embodiment, the ' polypeptide derivative 
of thrombin has the L-am'ino a.'cid sequence Arg-Gly-Asp-Ala, 

. Iri general/ these methods may be used in any 
5 situation where scar formation is undesirable:,, such as on 
. burn patients or those subjected to opthalmic surgery. 
Moreover,- the. methods- may also- be of use in preventing 
keloidal scar formation. It is anticipated that spraying 
the wound with an. aerosol spray will be a particularly 
10 sterile. and efficacious manner o.f administering the 
polypeptide, compound to the wounds of. burn patients. 

.. The inhibitory polypeptides should' also prove useful 
in inhibiting $he. formation of tissue/ adhesions; defined 
15 as abnormal unions between body organs by formation, of 

fibrous tissue. It is- known that fibroblast proliferation 
is required, for formation of • such .adhesions Since 
alpha-thrombin: is known to induce fibroblast prolifera- 
tion-, it follows, that inhibition of . thrombin-mediated 
20 mi togehes is by the peptides of the present invention could 
.. reduce adhesion formation. It- is" believed that "admini- 
stration of such inhibitory polypeptides to the surface of 
the affected organs will prove to be especially useful 
following certain surgical procedures r • such, as thoracic 
25, surgery, where gut adhesions often lead tq postoperative 
complications. 

. It -is Further' proposed: that the. inhibitory peptides' 
will. prove'/ useful .in- the treatment, of mammals, with tumors 
30 to thereby inhibit tumor .metastasis- or angiogenes is . This 
. view is supported by studies demonstrating • that alpha- 
thrombin is- able to 'disrupt normal inter -endothelial cell 
contacts important "in: preventing metastasis, as well as 
studies demonstrating 'that alpha-thrombin. can- in.du.ce the. 
35 proliferation of endothelial cells required for angiogen-. 
esis* Accordingly,, the invention provides a method 
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whereby mammals with such tumors receive a therapeutically 
effective amount of a polypeptide derivative of thrombin, 
or a functional equivalent thereof, which has a thrombin 
receptor binding domain but does not have a serine 
5 esterase conserved sequence. While exact doses would need 
to be determined by empiracal methods known those skilled 
in the art, it is estimated that an. amount sufficient to 
achieve a concentration of from 0.1 uM to 10 uM at the 
site to be treated is needed. Use of a polypeptide 
10 wherein the thrombin binding domain has an L-amino acid 
sequence Arg—Gly- Asp-Ala is specifically provided. It is 
contemplated that the polypeptides will be most effica- 
cious in this regard when administered intravenously.. 
However, other methods of administration, will., also likely 
15 prove to be effective. 

In a most general embodiment, the invention provides- 
for the use of inhibitory polypeptides to inhibit cell 
proliferation. This method encompasses but is not 
20 limited to, situations in which one desires to inhibit 
cell proliferation in vitro . Of course, the inhibitory 
polypeptide, having a thrombin binding domain with the 
specific sequence. Arg-Gly-Asp-Ala , may alsd be used as a 
general inhibitor of cell proliferation. 

25 

In another general embodiment, the invention 
comprises methods wherein the stimulatory polypeptides are 
used to potentiate cell growth. A polypeptide including^ 
the sequence Ala-Gly-Tyr-Lys-Pro-Asp-G.lu-Gly-Lys-Arg-Gly- 

30 Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-Gly-Fro-Phe-Val is 

specifically provided. This method encompasses r but is 
not limited to, situations wherein one wishes to. 
potentiate cell growth in vitro . Such cell-stimulatory 
uses may be potentiated by further providing an effective 

35 amount of alpha-thrombin (0.1 ug/ml - 10 ug/ml) r gamma- 
thrombin (0.1 ug/ml - 10 ug/ml) or phorbol myristate 
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acetate (10 ng/ml - 10Q ng/ml) in conjunction with the 
.' stimulatory polypeptide. 

. Pox purposes of the present'invention, a thrombin 
5 derivative is defined as any molecule, with, an amino- acid 
.sequence derived at. least in part from that of. thrombin, 
whether synthesized in vivo, "or in' vx tero . ' Accordingly, a 
thrombin derivative, as referred to herein, designates a 
polypeptide molecule which comprises fewer amirio. acids 
10' "than, thrombin.- 

• A physio logically functional equivalent of: a thrombin 
derivative encompasses molecules which differ from 
thrombin derivatives- in particulars which da not affect 
15 the function of the. thrombin receptor binding domain or 
. the serine esterase, conserved' amino acid sequejpx--.ee-. Such 
particulars may include,' but are not limited" to, 
conservative, amino acid substitutions and modifications 
for example, amidafeion. of ' the carboxyl . terminus ' 
20 -acetylation of the. amino, terminus, conjugation of the 

polypeptide' to a physiologically inert carrier molecule, 
or sequence alterations in accordance with the serine 
. . esterase" conserved sequences, 

25 A thrombin receptor binding domain is defined as a 

polypeptide sequence which' directly binds to the thrombin, 
receptor and/or competitively inhibits binding between 
higft-'afrTinity thrombin ree'epc-ors and alpha- t^'olri^Ln . 

30 A domain. having/ a. serine esterase' conserved:' sequence 

comprises a polypeptide sequence containing at least 4-12 
of the N-termina'l amino acids' of the dodecapept ide 
previously shown to- be- highly conserved .among serine 
proteases { Asp-^-Cy's-^-Gly-Asp-Ser-Gly-Gly-Pro^-Val) y 

35 wherein Xj. is either Ala or Ser? X" 2 is either Glu or Gin? 
and X 3 is either Ehe r Met, Leu, His., or Val)'.. 
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A stimulatory polypeptide is defined as a polypeptide 
derivative of thrombin/ or a physiologically functional 

» 

equivalent thereof , having the ability to both bind to and 
stimulate the thrombin receptor. Therefore, the 
5 stimulatory peptides will include both a thrombin receptor 
binding domain and a domain with a serine esterase 
conserved amino acid sequence. 

An inhibitory polypeptide is defined as a polypeptide 
10 derivative of thrombin, or a physiologically functional 
equivalent thereof, having a thrombin receptor binding 
domain but without a serine esterase conserved amino acid 
sequence. 

15 FIG. 1. Computer assisted analysis of the hydro- 

pathy, solubility, and- predicted secondary structure for 
residues .489 to '548 of human prothrombin. -Figure 1A, 
hydropathy profile; Figure IB, solubility profil-e; Figure 
1C, predicted tendency for/flexible turn; Figure ID, 

20 predicted tendency for alpha-helix and beta-sheet 
structure 

FIG. 2- Three-dimensional representation of X-ray 
crys tallographic data of trypsin with the. following- 

25 PROTEUS computer-assisted, substitutions of throxnbin- 
specific residues: Gly 187 Lys; Lys 18g . Arg; Ser 19Q 
Ala; Gln^g 2 Glu; and Val igg Phe is shown in Figure 2A 
and 2D. Figure. 2B- and 2C show only the three- active- site 
residues (His S7 , Asp 1Q2 , Ser lg5 ) and residues' 183 to 200 

30 of trypsin that are located in the homologous region as 
thrombin's residues 510 to 530. These peptides are 
oriented in the same position as in the rotated model in 
Figure 2A and 2D. 

35 FIG. 3. Inhibition of [ 125 I]-alpha-thrombin binding 

to mouse embryo (ME) cells by synthetic peptide p508-530. 



WO 88/03151 



-14- 



PCT/US87/02S82 



Specific binding of 0.3 nM £ 1 2 5 I] -alpha-thrombin to ME 
cells in the. presence of the indicated concentration of • 
peptide- was measured as described in the. description of 
the. preferred embodiments * 

5 

PIG. 4. Effect, of p508-530 on f 3 H}-thymidine 
incorporation- alone or in combination with low concentra- 
tions of alpha-thrombin. Quiescent serum-free cultures' of 
ME. (Fig.' 4A). or NIL. ■ ( a hamster fibroblast cell line; Fig. 
10 4B) were- treated, with, the -indicted concentrations of 

P508-530 alone (0) or in .combination, with- concentrations 
of alpha-thrombin which gave approximately one third or 
. the maximal, response; 2 nM for ME cells (Fig. 4A)' and 4nM , 
for NIL. cells (Fig. 4B) . [ 3 H1- thymidine incorporation was" 
15 determined , after 24 - hours as described- in th£ ' deseri.pt ion ' 
of the preferred: embodiments. 



20 



FIG. 5 Effect- of P 50 8-530 on £ 3 H] -thymidine ' ' 
incorporation in . combination with pma. Quiescent cultures 
.of NIL cells were incubated with p50 6-5 30 alone (O) or in 
combination with 25- ng/ml- PMft. C 3 Ej-thymidine • incorpora- 
tion was determined as . described in the description of' the 
preferred embodiments. 

25 FIG. 6. Comparison- between effects of peptides on" 

thrombin-stimttlated; thymidine incorporation. Quiescent 
cultures of NIL cells were . incubated witte increasing 
concentrations" of p<?0 r ff^3.Q, pE19 r 53. : tf, or p5i'7-52^ in the 
. . 1 * alpha-thrombin. (a, marginally mitoganic 

30 concentration.). Data are -expressed . ror each concentration 
as a percentage of the- effect of alpha-thrombin alone.- 

- 3 .FIG.. 7, Effect .of P517-520 on thrombin stimulation' " 
of t H3-thymidine incorporation. - Quiescent cultures of ME 
35 .cells, were incubated with' increasing concentrations of 
. alpha-th.rombin alone, or- in combination with 625 nM p517- 
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520. [ H] -thymidine incorporation was determined as 
described in the description of the preferred embodiments. 

Thrombin f a molecule once considered important only 
5 in the context of blood coagulation, is now shown to 

mediate a number of potent biological effects not directly 
related to coagulation. Many of these effects are due, at 
least in part, to signals generated by the interaction 
between thrombin or thrombin-like molecules and the high- 
10 affinity thrombin receptors present on the surface of many 
cells. 

Studies performed in connection with the present ■ 
invention suggested that selective regulation of 

•15 thrombin-mediated events might be achieved through the 
formulation and synthesis of polypeptides specifically- 
designed to either mimic or. inhibit such events ..* * 
Development of small protease inhibitor resistant * 
polypeptides capable of • performing these functions - was 

20 particularly desirable in view of the susceptibility of 
thrombin to proteolytic enzyme inhibitors, sucJi as anti- 
thrombin. 

A number of peptides based on the sequence of human 
25 prothrombin were synthesized and tested, for their ability 
to bind to the receptor and to generate proliferative 
signals. The choice of peptides focused on the amino acid 
sequence of the region- of thrombin around its active site 
serine. This region contains a domain ( represented by 
30 residues 517-520 of human prothrombin) with- a sequence 
homologous to the tripeptide cell binding domain of 
f ibronectiit, [Arg-Gly-Asp] . This tripeptide se<quence is 
common to a number of proteins that may interact with 
cells (reviewed by Rouslahti and Peirschbacher , Cell , 
35 44:517-518 (1985)). Moreover, it has been shown that a 
peptide representing 517-520 of human prothrombin (p517- 



WO 88/03151 PCT/US87/02882. 



10 



-16- 



520.) .and peptides* representing 516-522 arid .510-526 of 
human prothrombin- fp515-522 and p510-52S, respectively) 
are. able to promote fibroblast attachment comparable to 
that induced by f ibronectin-specific peptides* 

The selected region also possesses a. domain 
(represented by residues. 519-53 0 of human prothrombin) 
with a high, degree of homology to a number of serine 
esterases. 



The present inventors have discovered that ■ a 
synthetic: -peptide containing - both fibronect'in- and serine 
prote.ase-homologous domains (residues 508. to 53 O of human 
prothrombin) binds to thrombin 'receptors. -with h-igh- 

15 affinity and substitutes. for ei^alpha^thrpmbia as., an- 

initiator of receptor* occupancy— related mitogenic. signals. 
Tn contrasts synthetic peptide"' containing only the 
fibronec tin-homologous domain ,(.p517-,5 20 }'" binds to /the 
thrombin receptor without inducing mitogenesis^ "An 

20: intermediate" peptide-: (p5 19-53 0>* ret'ains the ability to r 
mediate mltogenfesis but to a much lesser degree than 
p508-53"0." 

- • Example 1: Selection of Domains of Human Alpha-Thrombin 
25 * Involved in Binding .of Thrombin to Its High 
• Affinity. Receptor- ^ 

To help select; peptide sequences; that might be 
involved in receptor bindirig, comp.utS.ir* analysis was used. 

30 to predict the overall . hydropathy, solubility, and 
secondary structural features for the 60 amino acid 
residues around the active site serine of alpha- thrombin 
based oil- the. sequence of human prothrombin (Degen et al. , 
Biochfem. , 22- 2087-2097 (1983 > ) . As shown in Figures'. 1A 

3.5 and IBy this region appears to be highly hydrophiillc and 
soluble, especially near the region that* is homologous to 
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f ibronectin 1 s cell attachment domain, residues 517 to 520.' 
Analysis of secondary structural features indicated that 
the region of thrombin from residues 511 to 526 has a 
strong tendency for being a flexible turn region with very 
5 little tendency towards either alpha-helical or beta-sheet 
structures (Figures 1C and ID). Taken together, the 
various computer-assisted analyses strongly suggest that 
this region of thrombin should be externally accessible 
and, therefore, available for interaction with the 
1.0 thrombin cell surface receptor. Moreover, the region of 
thrombin homologous to the cell attachment domain of 
f ibronectin. is located at or very near the middle of this 
hydrophilic flexible turn of thrombin, 

15 Using the three dimensional x-ray crystallographic 

data for. trypsin .f Marqruar t: et al; *: Acta; CrystaXloor- . 
3£:480 (1983)), and making' appropriate amino- acid- - 
substitutions to reflect the- thrombin- sequence around, the ' 
active-site serine portion. 'of trypsin*, .computer .graphic ' 
20 analysis predicted that residues 510 to 530 of thrombin 

are located along the edge of the pocket that leads to the 
active site cleft (Figure 2). In agreement with the 
predictions of secondary structure discussed above, amino 
acid residues 517 to. 520 of thrombin are located at' the 
25 outer most corner of this region of the proposed 

trypsin/thrombin structure. Thus, it appeared reasonable 
that this region of thrombin could be involved in binding 
to its receptor. 

30 Example 2; Synthesis of Peptides 

Peptides were synthesized by the solid-phase method 
(Erickson and Merrifield, The Proteins , 2:255-257, (1976)) 
using automatic instrumentation (Applied Biosystems 
35 Peptide Synthesizer Model 430A) and purified by HPLC 

(Beckman) on a C-18 column eluted with a linear acetoni- 
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trile gradient containing 0.5%. (v/v) TFA ( trif luoroacetic 
acid) . 

Example, 3:. Demonstration' that the Thrombin Derivatives 
5 Selectively. Bind to- the .High-Affinity Thrombin 
: Receptor ] : : . . 

This example demonstrates that the peptides of the 
. present invention are able to selectively bind to the . 
10 high-affinity thrombin receptors present orr the surf aces 
of many cell types... £n the present embodiment r this 
.activity was demonstrated by showing; that the peptides of 
the present invention competitively inhibited binding' of 
[ 125 T J -alpha- thrombin ta thrombin receptors present on two 
15 strains, of cultured fibroblasts.- Accordingly r the' 

specif ic * techniques described 'below represent tile best 
mode for demonstrating .this- activity known to- the 
inventors, at .the present .time... ......... 

e 

20 a. Culture of Fibroblasts Having Higii—Aff flnlty- 

Thrombin Receptors 

' As. stated above r • fibroblasts, derived from two 
sources were used, to demonstrate binding of the peptides 
25 of. the present invention, to high-affinity thrombin 

receptors. "These cell lines were . prepared, as." follows^ 

. Primary cultures; off- fibroblasts were pxepared'-" 
from. 9- .to 13-day old embryos of NXH-swiss outbred mice as 

30 described by Carney and Cunningham., Cell , 15:13 41-13 49 r 
(.1578) . • NIL cells, an established strain of hamster 
fibroblasts:,, were maintained as stock, cultures and 
subcultured every four days* All cells were grown in 
-Dulbecco-Vo^t modified Eaglet (DV) medium supplemented 

35 : with. 10% (v/v) .bovine calf serum CCS)r in a humidified 
atmosphere- of 5% CO- in air at 37°C* 
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Quiescent cultures were prepared by subculturing 
stock cells from 100 mm dishes, using 0.05%« (w/v) trypsin 
and 0.02% EDTA (w/v) in phosphate-buffered saline (PBS) 
and plating them in 24-well culture plates in DV medium 
5 supplemented with 10% (v/v) CS at 6 x .10* cells/cm . 

After allowing the cells to attach overnight , the medium 
was removed and the cells were rinsed with DV medium, 
containing no serum. The. cells were incubated in this 
serum-free medium for 48 hours before the indicated 
10 experiments. This procedure has been shown to provide 
nonprolif erating populations of mouse 'and NIL cells that 
are 90-95% arrested at the g x/ g q ceil cycle interface. 

b. Assay for Measurement, of Specific Binding of 
15 Thrombin and Thrombin Derivatives to- the Cell 

Surface Thrombin Receptor. 

As stated above, in the present embodiment f 
thrombin receptor specific binding activity of the 
20 thrombin derivatives was measured as a function -of their 
ability to competitively inhibit binding between native 

12 5 

[ I]-thrombin and the thrombin receptor. Specific 
techniques whereby the competitive binding studies were- 
performed are set out below. 

25 

Human alpha-thrombin was iodinated in the 

presence of benzarnidine (an active-site competitive 

125 

inhibitor), lactoperoxidase, and Na[ I]. After gel 

125 

filtration and dialysis, the [ I ] -alpha-thxomloin had a 

-7 

30 specific activity of 1 to 3 x 10 CPM/ug and co-migrated 
with unlabeled alpha-thrombin as a single band on sodium 
dodecyl sulfate (SDS) polyacrylamide gels. These 
iodinated preparations retained approximately 8 0% of their 
fibrinogen clotting activity. 

35 
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The ability of the synthetic peptides to compete 
for specific [ 125 TJ- alpha-thrombin. binding to -fibroblasts 
was measured. on nonproiif erating, mi'togenically responsive 
cultures' in 24' well plates (Falcon) at a cell density of 
5 approximately 5 x 10 4 cells/cm 2 as previously described 
• {Carney and Cunningham,- Cell , 15. rl 3 41-1 3 49 (.1978)). The. 
medium on the . cells:- was; changed- to binding' me di um (serum- 
free DV medium containing 0.5% Cw/v) bovine serum albumin 
buffered with. 15- mM- HSPE'S ' at pH 7.0 ) . The cells, were 

10 equilibrated att 23°C for 30 minutes, and the medium' was- 

12 5 * 

changed to binding, medium , containing [ X]— alph&- thrombin 
(10. ng/ml) with, the indicated. concentrations of the 
peptides.. After 2 hours/ at 23°C r the assay was terminated' 
by quickly rinsing the cells four times witl?. i'c^-cold PBS, 

15 The cells were dissolved in' 1 ml of 6*5 N« NaOH and the 
total radioactivity -was measured, uslng-a- Be ckma-n. -gamma 
counter. Nonspecific binding was- measured- asr -t±rer 
radioactivity bound to cultures after Incubation- in 
binding medium, containing, a 100— fold- excess- of* unlabeled 

20 ' alpha-thrombin.- Specific binding ' was : calculated* by 

subtracting- nonspecific binding from total radioactivity 
bound to cultures. 

cv Thrombin Binding Activity of . Selected Thrombin 
25 Derivatives 

In order to demonstrate the thrombin receptor, 
hinding: activity- of the: poly peptides- of the present 
- invention^ the peptides- synthesized as described, in 
30: Example 1 were tested for thrombin receptor activity using 
the assay. system described . immediately above*. 

More specifically, In order to demonstrate that 
p508-530 bound to thrombin receptors^ confluent cultures 
35 of ME cells were incubated with 0 , 3' nM [ 125 IJ-aXpha- 

thrombin and concentrations- of p5Q8-530 ranging from 8 to 
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4000 nM for 90 minutes at 23°C. As shown in Figure 3, 
p508-530 competed for 30% to 70% of the spepific binding 
of [ 125 I J-alpha-thrombin to ME cells. Scatchard analysis 
of the direct binding of [ 125 I ]-labeled pS£38-530 indicated 
5 a K D of approximately 6 x 10" 8 M (data not shown). In 
* addition, the specific binding of [ 125 I ] -p508-530 to ME 
cells could be displaced by both excess p508-530 or excess 
human alpha-thrombin. Thus, it appears that the 
competition of p508~530 for [ 125 I]-alpha-thrombin binding 
10 represents the binding of p5Q8-530 to the same sites as 
alpha-thrombin, but with an affinity approximately one 
order of magnitude lower. 

Furthermore,, in order to show that the binding 
15 and mitogenic activity of p508-530 was specific, two 
synthetic peptides with, physical properties similar- to 
p508-530 but no sequence homology to human alpha-thrombin 
.were tested for their binding properties. Both of these 
.peptides f one with 12 amino acids (33% hydrophobic 
20 residues and a net charge of -3) and a second with 18 

amino acids (39% hydrophobic residues and a net charge of 
0)] inhibited binding of [ 125 I ] -alpha-thrombin less than 
5% at concentrations up to 5uM. 

25 To further identify regions of thrombin involved 

in high-affinity binding and generation of mitogenic 
signals, two peptides representing specific domains within 
p508-530 were tested. The first peptide represented 
residues 519 to 530 of the B-chain region of human 

30 prothrombin, a region of thrombin that is highly conserved 
among serine proteases. The second peptide represented 
residues 517 to 520 of prothrombin, a region of thrombin 
homologous to the fibronectin cell binding domain. 

35 Both of these peptides were able to compete for 

30% to 50% of the binding of [ 125 I ] -alpha-thrombin to ME 
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calls, but both required higher concentrations than was 
required with- the' initial peptide p5O8-530 .(Ta-ble 1). For 
example,- 30% inhibition of [ 125 lHalpha-thrombin ; binding 
required 33- to 50-fold higher- concentrations of" p519r-530 
5 and p517-'520 than p508-530 , ' respectively . • Thus, both of 
theses peptides appear' to. interact with thrombin receptors, 
but at a lower affinity than p50 8-530. Because p517-520 
is homologous to the f ibronectin- cell binding domain, a 
peptide having' the sequence Arg-Gly-Ala-Ser {"the sequence . 

10. of the. f ib-ronec'tin specif ic- peptide) was also tested fpr 
'its ability to compete for [^Il-alpha-thrombin binding. 
At' a concentration of 1.3 uM 7 this peptide did. not compete 
with [ 125 X.I-alpha-thromhin for binding. Thus r .fcher 
receptor- for alpha^thromriin is not the same membrane 

15 protein that specif ically' interacts with f ibronectin. and 
causes- the- apparent growth, promoting action, of - fribronec— 
tin. In addition,, these results' demonstrate the 
requirement for alanine within the thrombin receptor 
binding domain, since substitution of alanine with serine 

20. eliminated- the ability of the. synthetic peptide to. compete 
for" alpha- thrombin, binding. 
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TABLE 1. Comparison of Peptide Competition, for [ 125 I]- 
Alpha -Thrombin Binding tn ME Cells. 



10 



15 



Peptide 



P508-530 

P519-530 
P517-520 



Amino Acid 
Sequence 



Concentration Maximal % 
Required for Inhibition 
30% Inhibition / and Gone. ) 



AGYKPDEG- 

-KRGDACE^ 

-GDSGGPFV 

DACEGD- 

-SGGPFV 

RGDA 



6 nM 

200 nM 
3 00 nM 



78% 
{40 nM) 

51% 
( 800 nM) 

50% 
(2.7 UM) 



Various concentrations of peptides and f 125 -I J-alpha- 
thrombin (l nM) were incubated with quiescent MS cells for 
90 minutes at 23°C; Specific bidding of [ 125 i ] -alpha- 
20 thrombin was defined as- described in Example 3. 
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Example 4: Stimulation of DNA Synthesis * by Selected 
. . Thrombin Derivatives -^^^ 

5 This example demonstrates- that binding between 

stimulatory " (agonistic) ' polypeptides and thrombin 
* receptors- generates'. a* receptor occupancy signal Which 
induces DNA synthesis and cell division. .In the present 
embodiment f ' DNA synthesis and cell proliferation was. 
10 measured as a function of f 3 H} thymidine uptake by 

cultured f ibroblasts exposed to selected polypeptides. Iri 
the' presence of npn-mitogenic concentrations- of alpha- 
thrombin or EMA- Although the in vitro techiriqires 
described below represent the best mode for demonstrating 
15 . the stimulatory activity of the-* selected polypeptides r 
those skilled ' in the art will appreciate that .'tfie 
•. principles^ demonstrated in the in ' vitro system- d-escribed" 
■ immediately below are also, applicable- in vivo.,, 

2.0 a» Techniques for Measuring DNA Synthesis 

The effects of the synthetic peptides on DNA 
synthesis were determined by measuring the incQirporation 
of methyl-£ J H] -thymidine ( T dR t XCN Pharmaceuticals , 

■25 '.Irvine, Ca.) during a 2. hour, incubation generally from 22. 
hours after addition of -peptides arid/or thrombin 
CStiernberg et al.. r JV -Cell .Physiol^ 120 :209-28.5 (1984) \„ 
After- incubation, the cells were extracted and rinsed: with 
ice-cold 10% (w/v); trichloroacetic acid ( TCA ). • The acid 

30 precipitable..material was dissolved overnight in 0.5 ml. 

0.5 H KOE at 23°C* HC1 fl N) , 0.25: ml, was added and the ' 
solution was counted in 10- ml of RediSolv-HPb (Beckman 
. Instruments , Houston, T£): scintillation fluid.. 

35 b.. Mitogen! c Activity of Selected Thrombin 

Derivatives • • 
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Each of the thrombin derivatives synthesized was 
tested for mitogenic activity as were the two non-thrombin 
peptides described in Example 3(c). The results of these 
experiments are described below, 

5 

The present inventors first tested the ability 
of p508-530 to stimulate DNA synthesis in non-prolifera- 
ting cultures of ME or NIL cells. As shown in Figure 4, 
p508-530, by itself, was not sufficient to stimulate 
10 [ 3 H] -thymidine incorporation into DNA. However, in 
combination with 2 nM alpha-thrombin,. 0.1 uM p5 08-530 

stimulated a 6- or greater than 2-fold increase in 

3 

incorporation of [H] -thymidine into DNA in ME cells when 
compared to parallel cultures left untreated or treated 
15 with alpha-thrombin alone, respectively (Figure 4A) • A 
similar mitogenic stimulation was also observed, in NIL 
hamster cells, although it required a slightly higher 
concentration of thrombin and" peptides (Figure 4B). The 
responses in both cell types were equivalent to £he 
20 mitogenic response stimulated by- a maximally effective 

concentration of alpha-thrombin (10 nM) . It is noteworthy 
that for 'ME cells, stimulation by p508-530 was observed 
between 12.5 nM and 100 nM (Figure 4A) , concentrations 
that correspond closely with those required to xnhibit 
25 [ 125 I] -alpha-thrombin binding to ME cells (Figure 3). 

With NIL cells., a similar correlation was observed between 
the mitogenic concentrations of p508-530 and the 
concentrations required to inhibit thrombin binding, 
although at higher levels than required with ME cells. 

30 

Although these results suggest that p5D8-530 
generates mitogenic signals through its interaction with 
high-affinity thrombin receptors, it was- possible that the 
peptide merely increased the effective concentration of 
35 alpha-thrombin. Recently, phorbol myristate acetate (PMA) 
has be&n shown to mimic the effects of gamma-thr ombin and 
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10 



15 



. stimulate DNA synthesis and cell' proliferation in 
. combination with -OIF-alpha- thrombin or with.. monoclonal 
antibodies to the • thrombin receptor. It was predicted, 
therefore, that if p508-530 was generating a receptor 
occupancy-related signal, its addition to cells in 
combination with PMA should stimulate mitog-enesis. As ' 
shown in Figure 5, in the- presence of 25 ng/ml PMA (which 
is a non-mi togenic. amount)-, p508-530 stimulated a 3.5-fo.ld 
increase in DNA Synthesis over controls. This stimulation 
occurred at approximately the same concentration of . 
• peptide - as that required to stimulate^ DNA synthesis in the 
presence, of low concentrations.- of alpha- thrombin. Since 
active thrombin was, not present in these experiments, it 
would appear that p508-S30 itself generates a mitogenic 
signal that mimics the effect of DIP-, or alpha- thrombin 
binding to high-affinity thrombin receptors.. •" 

• In order to ensure that the stimulation of DNA 
synthesis by p50S-53 0 Was. mediated by virtue of its 
ability to interact with, the high-affinity thrombin, 
receptor, the synthetic, non- thrombin, non-receptor 
binding polypeptides described in Example 3(c) were tested 
far mitogenic activity. Neither of these peptides 
generated a mitoc.enic response, in the presence of i nM ' 
alpha-thrombin. Thus, neither the 'binding activity nor 
the mitogenic. activity of p50S-53Q is due to non-specific 
interaction of. the polypeptide with the cells. 

. . ■ The inventors then tested the mitogenic activity 
of the" smaller thrombin derivatives, p519-530 and p517- 
520, As indicated in Example 3(c) above, both of these 
peptides .bind to the high-affinity thrombin receptor, in. 
these experiments, increasing concentrations of p519-530 
and P517-520 were added to quiescent NIL- cells in the 
35 presence of . 2 and 4 ntt alpha-thrombin.- As shown in Figure 
6r P 519 enhanced DNA synthesis over a range of concentxa- 
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tions while p517-520 did not. In fact, p517-520 actually 
inhibited DNA synthesis. 

Example 5: Inhibition of Thrombin-Receptor Mediated 
5 Mitoaenesis bv D517-520 

The observation that p517-520 inhibits alpha-thrombin 
stimulated mitogenesis was somewhat startling in view of 
previous studies demonstrating that mitogenic and 

10 transmembrane signaling effects of thrombin were not 
inhibited by DrF-alpha-thrombin, a thrombin derivative 
which competes for active alpha- thrombin binding. Thus , 
the inventors realized that p517-520, which is able to 
compete with native alpha-thrombin for binding to high— 

15 affinity cell surface thrombin receptors r but is unable to 
generate the mitogenic receptor occupancy signa!L> has 
properties not previously known in the art. 

In order to explain the mechanism by -which: p517-520 
2.0 was able to inhibit thrombin-mediated mitogenesis r the 
inventors measured the. ability of increasing concentra- 
tions of alpha-thrombin ■ to stimulate DNA synthesis in 
. cultures to which a constant concentration (625 nM) of 
p517-520 had. been added (Figure 7). These experiments 
25 showed that p517-52Q significantly shifted the dose- 
response curve of the cells to alpha- thrombin. For 
example, at two concentrations of alpha-thrombin , 0.8 and 
13.0 nM, DNA synthesis was inhibited by approximately 75% 
and 35%, respectively. Thus, the inhibition of alpha- 
30 thrombin stimulation by p517-520 appears to require a 

500-1000 fold molar excess of the peptide. This finding 
is consistent with the observation that p517-52 0 has a 
lower competitive binding affinity for thrombin receptors 
on ME cells than does p508-530. 
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The identification of p517-520 as the- high -affinity 
binding doma.in of thrombin has several implicat ions as to 
the mechanism of thrombin mitogehesis . Previous studies 
- ' have demonstrated proteolytic cleavage and disappearance 
5 of a molecule .on the surface of chick embryo cells treated 
- with thrombin. - Cross-linking. studies with active or 
inactive-' thrombin have'- also identified two differently 
sized receptor molecules or substrates. The present 
results show that the* high-affinity binding domain of 
10 -thrombin is very close to the active-site clefts thus, it 
Should be possible for thrombin to cleave its ■ receptor. 
Preliminary data from affinity purification of the 
thrombin receptor supports the hypothesis that fche 
receptor itself is proteoly'ticaliy cleaved by active 
15 thrombin. it is possible that thrombin -receptor^ occupancy 
may stimulate' an alteration in receptor" conformation 
necessary for' the cleavage .event .. The present • results 
suggest that .peptides p5QB~5.3.Qr p519-53Q or alpfia-thrombin 
itself are capable, of binding to the thrombin receptor in 
20' a manner which induces such confirmations! c'hang-es. In 
contrast r p517-520 appears to be .capable only, of- binding 
."to the ' receptor . Thus, p5l7-52q\" selectively inriibits .. 
thrombin 'receptor-mediated events by virtue of its ability 
to' selectively interact with thrombin receptors in a 
25 manner which provides the cell with, a nul! signal. 

Example- 6t Use of Stimulatory Peptides- to- Potentiate- '<^ia> 
' ' Growth Tn Vitro. . [ ; 

30 A number of experimental and diagnostic procedures 

require ' cells grown in vitro . Because' the stimulatory 
peptides, enhance proliferation of fibroblastic cells 
bearing high-affinity thrombin receptors,- the incorpora- 
tion of such stimulatory molecules into the culturre medium 

35 will, provide- an effective, means of potentiating cell 
growth.. In addition r because thrombin stimulates' 
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proliferation of other cells, including endothelial cells, 
these peptides may be effective in promoting growth of a 
number of types of cells. Use of the synthetic polypep- 
tides as growth supplements has a number of advantages. 
5 It is much less expensive to synthesize the polypeptides 
than its is to purify naturally occurring thrombin. 
Furthermore, unlike naturally occurring thrombin, the 
polypeptides are relatively resistant to inhibition by 
serum protease inhibitors.. 

10 

Numerous methods for preparing cells for culture are 
known to those skilled in the art. One such method, 
described by Carney et a!. (J. Cell. Phvsiol. , 95:13-22, 
1973, incorporated herein by reference), is believed to be 
15 particularly well suited to the practice of this aspect of 
the invention. ' 

As will be appreciated by those -of skill' iir 'the art, 
the stimulatory polypeptides of the present invention may 
2 0 be employed together, with any suitable cell culture medium 
to achieve the advantages of their cell-stimulation 
effects ♦ For example, the present inventors have found a 
mixture of Dulbecco-Vogt modified Eagle's medium and Ham's 
FL2 medium to be a particularly appropriate base medium. 
25 To practice the invention, one adds 0.1 ug/ml - 10 ug/ml 
of the stimulatory peptide Ala-Gly-Tyr-Lys-Pro-Asp-Glu- 
Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro- 
Phe-Val to the culture medium. The cells are then 
incubated in an appropriate humidified, atmosphere, for 
30 example, one containing 5% C0 2 in air at 37° C. At 
regular intervals .(.3 or 4 days), the spent medium is 
removed from the cell culture and replaced with fresh 
medium formulated as described above. 



WO 88/03151 



-3 0 



PCT/US87/02882 



Example- 7t Treatment Protocols 

Due to precautions .necessarily attendant to 
development of every new pharmaceutical, the polypeptides 
5 .of the present invention' have not yet been tested in a ' 
clinical setting- in human subjects . However, the in vitro 
activity of these polypeptides' in selectively promoting, of 
inhibiting thrombin-mediated mitogenesia is believed to 
demonstrate the utility of the present invention in this 
10 regard. The following, prophetic embodiments represent the 
best mode contemplated by the present 'inventors of 
carrying out the practice of the- invention in various 
clinical settings. ' 

15 a. Wound- Healing 

It is believed that the stimulatory polypeptides 
will prove to- be useful in numerous- clinical situations - 
where it is desirable to- potentiate wound healing. m - 
20 particular, these' include treatment of burn patients:, 

those involved in severe accidents, those subjected to a 
variety of surgical procedures and those with poor wound 
healing responses, s'uch. as the. aged and diabetic 
•Although the best mode of administering tha polypeptides 
25 will depend on the particular clinical situation., it is. 

believed that its admihist ration in the- form of an* aerosol 
spray will prove to be particularly advantageous, in- a- 
number of such settings. Methods for 'incorporating-, 
therapeutic agents into aerosol- sprays- are well known in 
30 the art. : Therefore, it is. considered that formulation and 
use of these' stimulatory' polypeptides in such aerosol, 
sprays is well within the' sfcill of the. art in light of the 
present disclosure. 

" * 

35 The stimulatory polypeptide may also be applied to ' 

the wound in .the form of a salve or lotion. Alternative- 
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ly, they may be incorporated into the material, used to 
dress the wound. Techniques for incorporation of 
therapeutic agents compositions into salves, lotions and 
wound dressings are also well known, in the art and within 
5 the skill of the art in light of the present specifica- 
tion. 

It is believed that an effective dose of the 
polypeptide is approximately between 0.5 uM - 50 uM- 
10 However, exact dosages would, of course, be determined 
empirically by experimental methods well known to those 
skilled in the pharmaceutical arts. 



15 



20 



25 



30 



35 



b. Use of the Inhibitory Polypeptides 

1. Inhibition of. Scar Formation ancl Formation 
of Tissue Adhesions 

/ 

/ 

It is further believed that the inhibitory 
polypeptides. will prove useful in a number of situations, 
for example, where inhibition of fibroblast proliferation 
is desirable. These include prevention of scax formation 
and tissue adhesions. 

One manner in which the invention may be 
practiced is by incorporating the inhibitory polypeptide 
Arg-Gly-Asp-Ala into any vehicle, suitable for application 
to a wound, surgical incision or surface of a body organ. 
These vehicles include aerosol sprays, salves and lotions 
appropriate for direct application to tissues as well as 
solutions appropriate for intravenous or subcutaneous 
injections. Methods for incorporating therapeutic agents 
into, pharmaceutical vehicles such as those described above 
is believed to be well within the skill of the art, as are 
methods for applying the resultant compositions. 
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' It is proposed that an. effective' dose qfi 
the polypeptide is 1 ng/cm 2 - ID ug/cni 2 if phe compound is 
applied topically-.- If injected, an effective dose is that 
dose sufficient to obtain a concentration of the 
S polypeptides of from 0.1 uM to 10- uM, at the site- where 
ne.ed'ed. ■ However r exact doses*, of course/ shoiilcl be 
determined by accepted pharmaceutical methods Jcnown to 
those skilled in the pharmaceutical .arts.. 

10 2* Tumor ihefapy ■ 

It is believed that the. inhibitory 
•polypeptides will further prove tor be-, useful in the? 
treatment . of various tumors, particularly ia pre.ven.ting 
15 metastasis and. angiogenesis* It is anticipated* that the 
inhibitory? polypeptides could best be administered by 
intravenous administration. . 

The. inhibitory polypeptides could- be given 
20 daily by continuous infusion, or on alternative days, with 
. more traditional chemotherapy being given 'an. the-. ■ 
intervening day* While exact doses of the inhibitory 
peptides, would have to be determined empirically by- 
methods known to those skilled in the art,, it is estimated 
25 : that an effective dose would be that amount sufficient to 
achieve a concentration of 0 .1 uM to.. Iff uM at the site 
where- needed* .Of course r as with a" new pharmaceutical 
agent of, any type, clinical trials would he needCed to 
establish levels at which unacceptable- toxicity- would, be 
30 reached. 



The present invention has been disclosed iir terms of, 
.35 specific embodiments believed by the inventor to be the 
best mode for carrying out the invention. However/ in 
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light of the disclosure hereby provided, those of skill in 
the various arts will recognize that modifications can be 
made without departing from the intended scope of the 
invention. "For example , any of these peptides may be 
5 administered by a number of methods known in the art. 
Furthermore, future studies are expected to result in 
production of thrombin derivatives with increased 
stimulatory or inhibitory activity. These and all other 
modifications and embodiments are intended to be within 
10 the scope of the claims. 
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CLAIMS : ' 

1. A polypeptide 'compound comprising a polypeptide 
derivative of thrombin., or a physiologically functional 
5 equivalent thereof f and having a thrombin receptor binding 
• domain and a domain having a serine esterase-corxserved 
.amino acid sequence of at least 12 L- amino acids.. . 

10: 2. A polypeptide compound comprising 23 L-amino acids 

and having a thrombin receptor binding ddmain. arid s[ domain 
having a serine esterase-cpnserved amino acid sequence. 

15 3. T£e polypeptide- compound of claim. X or 2 wherein, the; 
thrombin receptor binding domain comprises Argr-G ly- Asp—Ala 
and the Serine esterase-conserved 'amino- acid sequence 
comprises As^-Aia-Cys-Glur-GlY^Asp-Ser-Gly--Gl.y-Br o— Phe-Valv 

20 

4/ A polypeptide compound comprising, a polypeptide* 
deirivativ^ of fchroiflBihr br .a physiologically fuaxctionaX 
equivalent thereof, which includes the following, sequence 
of L-amina acids t • 

25 

Ala-Giy-Tyr-Lys-Pro~^ 
. Cy s -Glu-Gly-Asp-S.er^G:iyjr Gly~P r O-Phe-Val... 

30 5:. A polypeptide compound 'comprising the following 
sequence of B- amino acids: 

Ala-Gly-Tyr^ys-Pro-Asp-Glu-&ly--Erys-Arg-Gly— Asp-Ala- 
Cys-Glu-Gly-Asp-Ser-51y-Giy-Pro-Phe-VaLl . 

35 
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6. A method for promoting wound healing comprising 
applying to a wound a therapeutically, effective amount of 
the compound of Claim 1, 2, 3, 4 or. 5. 

7. The method of Claim 6 further comprising applying to 
the wound a therapeutically effective amount of a compound 
selected from a group consisting of alpha- thrombin/ or 
gamma- thrombin. 

8. A pharmaceutical composition comprising a therapeu- 
tically effective concentration of the compound of Claim 
If 2, 3, 4 or 5 to'gether with a pharmaceutically 

15 acceptable excipient. 

9. The composition of Claim. 8. further comprising a 

* therapeutically ■ effective ' concentration of a compound 
20 selected from a group consisting of alpha-thrombi n or 
gamma- thrombin.. 

10. - A method for promoting wound healing comprising 
25 applying to a wound the pharmaceutical composition of 

Claim 8 or 9, 



11. A method for promoting wound healing comprising 
3 0 applying to a- wound a therapeutically effective amount of 
a polypeptide derivative of thrombin, or a physiologically 
functional equivalent thereof having a thrombin receptor 
binding domain and a domain having a serine esterase 
conserved sequence . 

35 
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12. The method according to Claim 11 further comprising- 
applying to the wound a therapeutically effective amount 
. of a compound selected from the group consisting of 
alpha-thrombin or gamma thrombin. 



5 



•13. A. method for inhibiting the f ormation! of scar ' tissue- 
comprising administering to a wound a, therapeutically 
effective amount of a- polypeptide derivative .off 'thrombin, 
10 or a physiologically functional equivalent- thereof r having 
a "thrombin receptor binding domain but: without a serine 
estetase-ccgisstved sequence* 



15 14. • The method' of Claim. 13 wherein the; thrombi*- re^egfcpr 
..binding- domain comprises- L-amino'- acids having trie sequence 
Arg-Gly-Asp-Ala. . 



20 13.. A. method for inhibiting the formation. -of- scar tissue 
comprising administering- to a wound a therapeutically 
effective amount of a polypeptide- -having the : L-aiuino acid 
sequence Arg-Gly-Asp-Ala. 



25 



30. 



16... A. methqd- for inhibiting formation., oj' tissue. 
comprising administering to the surface of body, organs a 
therapeutically effective amount of a polypeptide: 
derivative of thrombin/ or & physiologically functional 
'equivalent thereof, having a thrombin . receptor binding 
domain but without a serine ester ase-conserved sequence. 



17. The method off Claim 15 wherein the thrombin receptor 
35 binding domain comprises L-amino acids having the sequence 
Arg-Gly-Asp-Ala . . ' 
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18, A method for inhibiting formation of tissue adhesions 
comprising administering to the surface of pody organs a 
therapeutically effective amount of a polypeptide having 
the L-amino acid sequence Arg-Gly-Asp-Ala . 

5 

19. A method for treating mammals with tumors to inhibit 
tumor metastasis or angiogenesis comprising administering 
to the mammal a therapeutically sf fective amount of a 
10 polypeptide derivative of thrombin, or a physiologically 
functional equivalent thereof , which has a thrombin 
receptor binding domain but does not have a serine 
esterase-conserved sequence. 

15 

20. The method of Claim 19 wherein- the thrombin receptor 
binding domain comprises L-amino acids having the- sequence 
Arg-Gly-Asp-Ala . 

20 

21. A method for treating mammals- with tumors- to .inhibit 
tumor metastasis or angiogenesis comprising administering 
to the. mammal a therapeutically effective amount of a 
polypeptide having the L-amino acid sequence Arg-Gly-Asp- 

25 Ala. 



22. A method for inhibiting cell proliferation comprising 
exposing cells to an effective amount of a polypeptide 
30 derivative of thrombin , or a functional equivalent 

thereof , having a thrombin receptor binding domain but 
without a serine esterase-conserved sequence. 
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23. The method of Claim "22 wherein the thrombin receptor 
binding domain* comprises L-amino acids 'having the sequence 
. Arg-Gly- Asp-Ala. 

5 

24.. A method f ot inhibiting cell proliferation comprising 
exposing cells to- an effective amount of a* polypeptide 
having the L-amino- acid .sequence Arg-Gly-Asp-Ala. 

25-.'' A method for promoting cell proliferation comprising 
'exposing cells to an effective amount of a polypeptide . 
derivative of thrombin, or a physiologically functional 
equivalent thereof f having a .thrombin receptor Is>;inding 
15 domain- and a domain having, a serine esterase-coriserved 
sequence..; • 

26. The method' bC Olaim 2.5 -wherein the polypeptide 
20 thrombin derivative comprises the L-amino acid, sequencer 

Al a-Gly -rTyr -L.y s— P ro-As p-Glu-Gly-Ly s -Ar g:~Gly -Asp-Ala— 
*' Cys-GlurGly-Asp-Ser-Gly-Gly-Pro-Phe-Val. 

25 ' ' . 

2.7. A- method £6r promoting, cell proliferation comprising, 
exposing cells to -an effective' amount of" a polypeptide 
having the D-? amino acid sequence-: 

30 " • Ala-Giy-Tyr^Lys-Prp-Asp:-Glu-Gly^Lys-Arg-Gly-Asp-Ala- 

Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val..* 

28 . The method of Claim 25 , 26 Or 27 further* comprising' 
3*5 exposing cells td ah effective concentration of 1 a compound 
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selected from a group consisting of alpha-thrombin , 
gamma-thrombin or phorbol myristate acetate, 

5 29. A method for mimicking the effects df thrombin on 

cells comprising exposing the cells to an effective amount 
of a polypeptide derivative of thrombin/ or a functional 
equivalent thereof/ having a thrombin receptor' binding 
domain and a domain having a serine esterase conserved 
10 amino acid sequence. 

30. A method for inhibiting the effects of thrombin on 
cells comprising exposing the cells to an effective amount 
15 of a polypeptide derivative of thrombin,, or a functional 
equivalent thereof-, having a thrombin receptor binding 
domain but. without a serine-esterase conserved sequence. 
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ME CELLS 
o p 508-530 alone 
• p 508-530 plus2nM Thrombin 



NIL CELLS 

o p 508-530 alone 

• p 508 - 530 plus 4 nM Thrombin 
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